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Description 

The present invention relates to an optical connec- 
tor apparatus for use in an electro-optical connector 
transmitting and receiving electrically transmitted data £ 
according to the preamble of claim 1 . 

Such an apparatus is known from DE-A-36 40 099. 

From US-A-4 61 2 670 an electro-optical connection 
between a module light emitting and receiving means 
25 and a data bus block 27 is known (Figure 5). Both 
the data bus block 27 and the module comprise a light 
emitting device and a light receiving device (53, 55, 63, 
65) and a coupling between corresponding device pairs 
is achieved by the provision of LED lenses 61 and 71 . 

More particular^ the invention relates to new inter- 
connect structures, and techniques for fabricating these 
structures, which channel light from a plurality of light 
emitting locations to a plurality of light detecting loca- 
tions, using energy transfer media for purposes of elec- 
tronic data communication. 

Increasing input-output count requirements have 
produced demands for connectors which require less 
area, offer reduced Electromagnetic Interference (EMI), 
are reliable and inexpensive. Different applications for 
the connectors also require supporting a variety of dif- 
fering data rates, acceptable transmission loss criteria, 
levels of immunity to crosstalk, etc. 

It is becoming increasingly difficult to meet these 
demands using conventional pin-in-hole connectors, 
where contact to adjacent contact spacings of less than 
1270 to 2540 ujti (50 to 100 mils) are hard to achieve. 

Furthermore, electromechanical connectors re- 
quire a high contact force in order to break through the 
metal oxide on the connector surface. Where high-den- 
sity interconnections are needed this contact force re- 
quirement becomes a serious problem whose solution 
requires the application of pressure to each pin of the 
connector through mechanical or hydraulic devices 
which transmit the requisite force to each of the connec- 
tor pins. This greatly increases the size, complexity and 
cost of the interconnect. 

In addition to these physical constraints, the elec- 
trical characteristics of pin-in-hole connectors produce 
undesirable side effects. In particular, self-inductance 
and parasitic capacitances between the various pins in 
the connector are problems. The inductances associat- 
ed with these connectors broadcast electromagnetic 
waves, thus causing EMI which is known to vary in mag- 
nitude as Ldi/dt, where L is the inductance of the con- 
nector and di/dt is the rate of change of the current 
through the connector over time. 

It has long been known that EMI associated with the 
inductance of these connectors will grow much worse 
as the clock rates of very large scale integrated (VLSI) 
devices (hence di/dt) increase. As it is already difficult 
to meet FCC standards with current levels of EMI, this 
problem will become quite serious as added burdens 
are placed on conventional pin-in-hole technology. 



Still further, the aforementioned capacitances, 
which exist between different pins on a typical connec- 
tor, cause electrical crosstalk, i.e., the mixing of the sig- 
nals on one pin of the connector with the signals on other 
pins of the connector. This capacitively coupled cross- 
talk is exacerbated as clock rates increase, which is an- 
other key concern for future VLSI designs. 

Electro-optical solutions to these problems would 
offer considerably greater contact density at relatively 
low cost. Low EMI is an inherent characteristic of optical 
coupling which will reduce noise. Contact force require- 
ments associated with electromechanical connectors 
could be eliminated. Various levels of crosstalk immuni- 
ty could be achieved as a function of the particular en- 
ergy transfer media used to couple to the light emitting 
and light detecting locations, etc. 

Accordingly, it would be desirable to be able to use 
electro-optical connectors employing energy transfer 
media (e.g., light imaging elements) most suited to the 
alignment constraints, density, crosstalk immunity, 
speed, transmission efficiency, etc. of a given applica- 
tion. 

Furthermore, it would be desirable to be able to em- 
ploy electro-optical connectors using the aforemen- 
tioned energy transfer media for both direct optical con- 
nections, i.e., over short distances of, for example, on 
the order of approximately 1 cm; and for remote optical 
connections over relatively long distances, for example, 
several meters or more. 

Still further, it would be desirable to be able to con- 
struct and utilize flexible fiber bundles for carrying opti- 
cal signals between remote locations, where the individ- 
ual fibers of a bundle can be easily aligned and attached 
to whatever light imaging element is used in the electro- 
optical connector. 

It is an object of the invention to provide electo-op- 
tical connectors which accommodate high density ap- 
plications. This object is solved by the subject matter of 
claim 1 . 

Preferred embodiments are the subject matter of 
dependent claims to claim 1 . 

According to a preferred embodiment of the inven- 
tion, the interconnect structure for a direct optical con- 
nector (DOC), for making optical connections over rel- 
atively short distances (e.g., 1 cm or less), comprises a 
first and second member, each having a plurality of light 
emitting and light detecting locations. Each member op- 
erates in combination with an energy-transfer medium, 
i.e., means for channelling light from the light emitting 
locations to the light detecting locations, where the first 
and second members are adapted for reclosable con- 
nection to each other and where the light emitting loca- 
tions on one member are substantially aligned with the 
light detecting locations on the other member. The 
aforementioned first and second members of the pre- 
ferred DOC are modular. 

According to another embodiment of the invention, 
a modular half of the interconnect structure (DOC) out- 
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lined hereinabove, can be used in conjunction with other 
structures which permit light to be channeled over real- 
tively long distances, e.g., several meters or more. An 
example of such other structures includes a flexible fiber 
bundle and means for coupling the bundle to a modular 5 
half of a DOC. These other structures are referred to 
hereinafter as remote optical connectors (ROCs). 

Furthermore, according to the invention set forth 
hereinafter, the energy transfer media employed in a 
DOC (or modular half of a DOC) is an imaging fiber plate 
(IFP), consisting of small (approximately 3-10 microm- 
eters in diameter) optical fibers. 

Still further, processes for fabricating ROCs are de- 
scribed. 

The invention features a variety of electo-optical 
connections that are suitable for a variety of applica- 
tions. The invention also features an easy to use method 
for fabricating ROCs for use in conjunction with the mod- 
ular DOCs described herein. 

It is noted that it is necessary to transmit DC power 
across the interfaces of most conventional pin-in-hole 
electronic connectors, in addition to the electronic data 
communication which is also carried by such connec- 
tors. The DOCs and ROCs discussed hereinafter are 
designed to carry electronic data and not power, but it 
is obvious to those skilled in the art that these DOCs 
and ROCs can also contain conventional metal conduc- 
tors in addition to their optical pathways, so that DC pow- 
er can be transmitted also, and that the normal plugging 
and unplugging operation can be carried out as usual. 

Ways of carrying out the invention are described in 
detail below with reference to drawings showing only 
specific embodiments in which: 

FIG. 1 illustrates the inductance (L) and capaci- 
tance (C) associated with pin-in-hole and edge card 
connectors (electromechanical connectors) which give 
rise to both EMI and crosstalk. 

FIG. 2 depicts a generalized layout for one embod- 
iment of the invention wherein a direct optical connector 
(DOC) is shown using a lenslet array as an energy trans- 
fer medium. 

FIG. 3 depicts the top and bottom half of a DOC of 
the type laid out in FIG. 2, where each half of the DOC 
is bonded to one of two plano-convex lenslet arrays of 
a lenslet doublet. The plane of separation of the DOC 
during unplugging is the interface between the arrays. 

FIGs. 4A and 4B illustrate the misalignment toler- 
ance of a symmetric DOC having half of a lenslet doublet 
bonded to each connector half. 

FIG. 5 depicts a remote optical connector (ROC) 
which may be plugged into a DOC to facilitate remote 
interconnections. 

FIG. 6 depicts an embodiment of the invention in 
which each half of a DOC utilizes an imaging fiber plate 
(IFP) as an energy transfer medium. 

FIG. 7 depicts a locating plate which, according to 
one aspect of the invention, may be used to attach op- 
tical fibers after aligning them with the light imaging el- 



ements, such as lenslets, IFPs or ETFPs, in DOCs fab- 
ricated in accordance with the teachings set forth here- 
inafter. 

As indicated hereinbefore, EMI and crosstalk prob- 
lems arise from the electrical characteristics of pin-in- 
hole and edge card connectors, namely self-inductance 
and parasitic capacitances between the various pins in 
the connector. 

FIG. 1 illustrates the inductance (L) and the capac- 
itance (C) associated with a series of pins, where the 
pins are labeled 1 , 2 and 3, and their respective mating 
pins are labeled 1 \ 2' and 3\ An electromechanical con- 
nector is depicted in FIG. 1 in the form of an equivalent 
circuit where L1 , L2, L3 and C1 , C2, C3, are the respec- 
tive inductances and capacitances associated with the 
series of pins shown. 

The inductances associated with electromechani- 
cal connectors of the type depicted in FIG. 1 broadcast 
EMI which, as indicated hereinbefore, intensifies as the 
clock rate of a device (e.g., a VSLI device) increases. 
The capacitances cause electrical crosstalk. 

The mechanical force problems described herein- 
before compound the problems associated with electro- 
mechanical connectors. 

According to the invention, one solution to these 
problems is to replace these mechanical connectors 
with optical transmitter-receiver pairs, thereby eliminat- 
ing the inductance, capacitance, and mechanical force 
problems. 

FIG. 2 -depicts a generalized layout for a two part 
direct optical connector (DOC) comprising juxtaposed 
LEDs, lenslets and detectors. These components are 
aligned in the connector so that an optical communica- 
tions channel is formed by each associated LED, lens- 
let, and detector. Light from each LED is efficiently im- 
aged on a corresponding detector via a lenslet; the prop- 
agation medium is simply air in the depicted DOC. 

For the sake of illustration only, the DOC will be ex- 
plained in terms of card-to-board interconnections. 
Those skilled in the art will readily appreciate that other 
applications for DOCs exist, e.g., for smart cards, for 
module-to-board interconnections, etc., and that the il- 
lustrative description is not meant in any way to limit the 
scope of the invention. 

Referring again to FIG. 2, the bottom half of the con- 
nector, labeled 201, can be mounted on a board. Con- 
nector half 201 is shown to contain LED chip 202 and 
detector chip 203 for respectively transmitting and re- 
ceiving data. The top half of the detector which, for ex- 
ample, can be mounted on a card, contains chips 204 
and 205 that are identical to chips 202 and 203 respec- 
tively. However, the chips are switched in position so as 
to form the depicted receive and transmit pairs. 

Interposed between the LED-detector pairs is a 
lenslet array, array 210, designed to focus light emitted 
from the LED onto the appropriate detector. Lenslet ar- 
ray 210 acts not only to increase optical transmission 
efficiency, but also serves to limit the large beam spread 
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of each LED so that interchannel crosstalk is sup- 
pressed. In an embodiment further refined to more 
strongly suppress crosstalk, e.g., stray light, suitably 
constructed, and possibly multiple, aperture arrays are 
included in the structure between the LED, and/or be- 
tween (212) the lenslet pair. 

Upon unplugging the DOC, the lenslet array may be 
carried by either the upper or lower half of the connector. 
Alternatively, the imaging component may consist of two 
lenslet arrays, each of which is carried by a connector 
half. This later arrangment would facilitate the manufac- 
turing of modular connector halves. Furthermore, it is 
noted that the lenslet arrays act to protect the delicate 
transmitting and receiving chips from damage by exter- 
nal forces, and also to complete a hermetic seal to pro- 
tect the chips from the ambient atmosphere. 

The LED arrays depicted in FIG. 2 (on chips 202 
and 204) can be fabricated using high output-power, 
high speed, reliable LEDs which are commercially avail- 
able. For example, LED arrays are typically used in the 
field of printheads designed for electrophotographic 
(EP) printing. 

The lenslets themselves should be designed to pro- 
vide the maximum efficiency of transfer of light from the 
LEDs to the detectors. Assuming that the LED is an ideal 
Lambertian source, the fraction n of its emitted power 
which is accepted into a lenslet and imaged on a detec- 
tor is governed by the numerical aperture (NA) of the 
lenslet according to the approximate formula: n = (NA) 2 . 

The lenslets in the array should thus have the high- 
est practical NA values. In addition they should be as 
aberration free as possible, have nearly identical char- 
acteristics, and be accurately positioned. The matrix be- 
tween the lenslets should be opaque and reflections at 
interfaces should be minimized in order to reduce inter- 
channel crosstalk. 

Several different techniques for making lenslet ar- 
rays are known. Polymer sheets have been embossed 
or molded to form lenslet arrays. The most widely used 
lenslet arrays designed for EP applications involve grad- 
ed index (GRIN) lenslets in glass. An alternative propos- 
al is based on the transition upon heating of an array of 
small, lithographically defined photoresist cylinders into 
hemispheres (because of surface tension effects). Still 
another approach involves the use of phase reversal 
Fresnel zone plates which are also lithographically de- 
fined. 

Lenslet arrays made using a recently developed 
photolytic technique have been found to exhibit good 
quality for DOC applications. The aforementioned pho- 
tolytic technique is described in volume 24, pp 
2520-2525 of Applied Optics (1 985) and volume 27, pp 
476-479 of Applied Optics (1988). 

According to the photolytic technique for making a 
lenslet array, photosensitive glass is exposed to light in 
the area outside the regions corresponding to the lens- 
lets. The glass is then heated, which causes physical 
contraction of the exposed area and corresponding ex- 



pansion of the unexposed (lenslet) regions; surface ten- 
sion defines the lenslet shape. This process also 
renders the matrix region outside of the lenslets opaque, 
thereby helping to reduce interchannel crosstalk. 
5 The N A of such lenslets is limited by the radius of 
curvature attainable by the fabrication process. To im- 
prove the effective NA, a doublet array may be used. 
Such an array is commercially availale from Corning 
Glass Works and consists of two plano-convex lenslet 
arrays with their planar sides cemented together. Such 
a lenslet array is particularly useful for the DOC, since 
the object (LED) and image (detector) are about the 
same size so that 1:1 imaging may be used. In that case 
the LED and detector are each placed a focal length 
away from opposite faces of the lenslet array. The light 
emerging from the doublet half adjacent to the LED is 
thereby collimated, then enters the doublet half adjacent 
to the detector where it is refocused. 

Such a doublet may be advantageously used for the 
DOC if the two lenslet arrays are left uncemented as 
shown in FIG. 3. Here both the top and bottom halves 
of the DOC, shown as 301 and 302 respectively, are 
each bonded to lenslet arrays 304 and 305 respectively, 
so that the plane of separation of the DOC during un- 
plugging is the interface between the two arrays. This 
symmetric arrangement is advantageous because; (1 ) 
hermetic sealing is provided by the lenslet arrays them- 
selves, without necessitating another component; (2) 
the effects of misalignment of the two halves of the con- 
nector during replugging are minimized because such 
misalignment will not cause a displacement of the image 
of the LED, but will merely result in vignetting (which is 
explained in more detail hereinafter with reference to 
FIG. 4); (3) the diameter of the light bundle at the sep- 
aration plane of the DOC is larger than that given by 
other arrangements, thereby minimizing the signal re- 
ducing effects of dust accumulations on the exposed 
DOC surface; and (4) the symmetric arrangement gives 
complete modularity to the two DOC halves, and hence 
results in a lower total cost. 

FIG. 3 goes on to show that each modular half of 
the DOC comprises, a support, e.g., support 320; a de- 
tector chip, e.g., chip 203; an LED chip, e.g., chip 202; 
and half of a doublet lenslet array, like array 305. The 
gap between the halves depicted in FIG. 3 is exagger- 
ated to show the plane of separation between the mod- 
ular units. 

Lenslets 304 and 305 of FIG. 3 must be aligned to 
each other and to the light emitting and detecting ele- 
ments in order for the DOC to operate properly. A DOC 
of the type depicted in FIG. 3 effectively requires a three 
stage alignment process, i.e., aligning the lenslets to 
each other and to the emitting and detecting elements. 
This procedure can be reduced to a one stage process 
in an embodiment of the invention to be described here- 
inafter. It will be seen, with reference to this embodiment 
(wherein the lenslet arrays are replaced with IFPs) that 
the energy transfer media (the IFPs) do not have to be 
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aligned to obtain a functional connector. 

In order to improve packing density and reduce cost 
of the DOC depicted in FIG. 3, it is desirable to integrate 
the detector and a preamplifier to form a "receiver" array. 
An additional benefit of such integration is high noise s 
immunity at the detector-preamplifier circuit This inte- 
gration has been achieved using GaAs MESFET tech- 
nology with very little modification of the basic MESFET 
process as described in volume 7 of Electron Device 
Letters, pp 600-602 (1 986) and in the proceedings of io 
the Picosecond Electronics Optoelectronics Confer- 
ence, p 116(1987). 

As for channel spacing, the connector pitch current- 
ly achievable using a lenslet array is approximately 250 
micrometers. However, as the pitch deceases the po- is 
tential for crosstalk increases. For lenslets with a Nu- 
merical Aperture (NA) of 0.2 used with a detector 70 jim 
wide, a pitch on the order of 500 urn is required to reduce 
optical crosstalk to an acceptable level. Crosstalk po- 
tential also increases with higher throughput lenses. Ob- 20 
viously, many different arrays can be constructed to 
meet specific application needs. For example, achieving 
a 200-250 jam period in the arrays to allow an interface 
with standard optical fibers for remote connectors, is 
possible with a level of crosstalk that is acceptable for 25 
many applications. 

Good alignment of the DOC is also required for pro- 
ducing an adequate signal. The alignment requirements 
can be met both in the manufacture and operation of the 
DOC assuming the use of the embodiment discussed 30 
hereinabove with reference to FIG. 3. Only a 5% loss in 
signal is suffered when the LE D is translated 25 u.m with 
respect to the lenslet; LED-to-lenslet array and lenslet 
array-to-receiver alignment, to within plus or minus 25 
urn tolerance, can be achieved utilizing present day 35 
manufacturing techniques. Alignment by the user (plug- 
ging) to within the same tolerance can be realized with 
the aid of appropriate insertion-guide pins. In this case 
misalignment within a plus or minus 25 micron tolerance 
should result in loss of signal no greater than 10-15%, 40 
based on the vignetting concept explained immediately 
hereinafter with reference to FIG. 4A and 4B. 

FIGs. 4Aand 4B depict the misalignment tolerance 
of a symmetric DOC with half of a lenslet doublet bonded 
to each connector half, compared with the misalignment 45 
tolerance of an asymmetric DOC having a lenslet totally 
attached to one half (e.g., the bottom half) of a DOC. 

In FIG. 4 A, lenslet doublet 401 is shown attached 
to the bottom half of a DOC. Detector 402, also on the 
bottom half of the DOC, is also depicted in FIG. 4A. De- so 
tector 402 does not receive any of the light from LED 
403 located on the top half of the DOC. This is because 
the top and bottom half of the DOC are misaligned. 

In FIG. 4B, however, the same misalignment be- 
tween the two halves of the DOC exists and the effects 55 
of vignetting can be observed. The connector in FIG. 4B 
is able to channel light from the LED to the detector. The 
net result is increased misalignment tolerance using the 



approach depicted in FIG 4B (half of a lenslet doublet, 
depicted as 401a and 401b in FIG. 4B, bonded to each 
connector half) versus the approach depicted in FIG. 
4A. 

Since each half of the preferred DOC shown in FIG. 
3 is identical, advantage may be taken of this modularity 
to make a remote optical connector (ROC). As indicated 
hreinbefore, the ROC is a fiber optic connector which, if 
desired, may be plugged into a DOC half to facilitate 
making a remote interconnection when needed. This is 
illustrated in FIG. 5. 

FIG. 5 depicts half of a DOC, unit 501, having an 
LED chip 502 and a detector chip 503 supported by base 
504. A lenslet array, 505, is shown carried as part of 
DOC 501 . A portion of a remote optical connector, 506, 
is shown comprised of an endplate for aligning and hold- 
ing in place each of the depicted fibers of a multimode 
fiber optic cable, e.g., fiber 550, 551 , etc., over a lenslet 
and light emitting (or detecting) element in DOC 501 . 

Utilizing this concept, any DOC half e.g., on a card 
or board, could be plugged either directly into its mating 
counterpart on a corresponding board or card, or alter- 
natively into a ROC for remote interconnection. 

Preferred spacing for the light emitting and light de- 
tecting elements in DOC 501 can be chosen based on 
the type of optical fiber used in ROC 506. For example, 
a 250 micron spacing would work well with the standard 
fiber optic cable referred to hereinbefore. 

It should be apparent to those skilled in the art that 
ROCs comprised of the aforementioned endplates, fib- 
ers, etc., may be used in conjunction with DOCs incor- 
porating imaging devices other then lenslets (examples 
of which are described in detail hereinafter) so long as 
the ROC fibers can be aligned and held in place over 
the light emitting and light detecting locations of the 
DOC. 

The DOC and ROC described hereinbefore in the 
context of low speed applications can also be used for 
very high speed (Gbit/s range) applications if the receiv- 
er and LED are designed for very high data rates. For 
example, laser arrays could be used instead of LED ar- 
rays to facilitate high frequency modulation. IMSM- 
MESFET receivers could be used to accommodate high 
end (Gbits/s range) applications. The invention to be de- 
scribed is not intended to be limited to the low speed 
applications discussed hereinbefore which were set 
forth for illustrative purposes only. 

The DOC structure that includes lenslets as an im- 
aging device, described in detail hereinbefore with ref- 
erence to FIGs. 2-4, solves many of the problems asso- 
ciated with electromechanical connectors. However, a 
connector structure according to the invention is set 
forth hereinafter which relaxes the alignment constraints 
and improves on certain other shortcomings associated 
with a lenslet based energy transfer media. An example, 
of these shortcomings is that lenslets usually have a fo- 
cal length of several hundred micrometers and as a re- 
sult optical crosstalk can occur as the lenslets coltect 
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light from adjacent LEDs. 

An embodiment of the invention which does not uti- 
lize lenslets and addresses the aforementioned short- 
comings, is depicted in FIG. 6. FIG. 6 shows imaging 
fiber optic plates (IFPs) 601 and 602, typified by IFPs 
manufactured by Galileo Electro-optics Corporation, af- 
fixed to the body of the alternative connector structure 
immediately above the LED and detector arrays. 

The IFPs can be affixed to the connector body by, 
for example, UV cure epoxy. The epoxy is shown in FIG. 
6 disposed at locations 603 and 604. Other means of 
attachment such as "press bitting", soldering, thermally 
cured epoxy, etc. can be used. The top and bottom half 
of the connector are labeled 605 and 606 respectively. 
The detector chip array and LED chip array in top half 
605 are labeled 611 and 612 respectively. The LED chip 
array and detector chip array in bottom half 606 are la- 
beled 613 and 614 respectively. 

Plates 601 and 602 typically consist of a fused as- 
sembly of step-index fibers which transmit light along 
the axis of the plate but prohibit tight from scattering 
within the plane of the plate. Each fiber is typically less 
than 6 um in diameter while the LED is typically on the 
order of 50 um or greater. Because the plate can be af- 
fixed very close to the LEDs and detectors, more than 
50% of the emitted light can be delivered to the detectors 
if two IFPs of NA of about 1 are used (such IFPs are 
commercially available). 

Since the throughput is much greater than that of 
the lenslet scheme, the LED drive current can be re- 
duced, thereby prolonging LED life and reducing on- 
chip electrical crosstalk. 

Furthermore, since the fiber optic plate can be 
placed arbitrarily close to the emitters and detectors and 
transmits light only along the axis of the plate, optical 
crosstalk is greatly reduced from that of the lenslet 
scheme. Further yet, and of considerable significance, 
is the fact that the fiber optic plate need not be aligned 
to the LEDs and detectors because it consists of a con- 
tinuous array of these small fibers. There is no need to 
align the individual fibers to the emitters and detectors. 
The image of the LEDs is directly transmitted to the cor- 
responding array of detectors via these fibers. Thus, on- 
ly the LED array need be aligned with the detector array, 
easing mechanical tolerances and greatly simplifying 
the manufacture of the optical interconnect package. It 
is also noted that the IFP protects the delicate transmit- 
ter and receiver chips from mechanical forces and at- 
mospheric corrosive effects in the same manner as did 
the lenslet arrays, described above. 

In addition to the advantages set forth hereinabove 
the IFP type of connector can easily be transformed into 
a remote connector by inserting a "flexible image con- 
duit" between the two halves of the connector shown in 
FIG. 6. This type of fiber optic cable is also manufac- 
tured by Galileo Electro-optics Corp., and would consist 
of a flexible fiber-optic cable terminated at both ends 
with a fiber plate similar to those used in the connector. 



By butting one end of the flexible image conduit against 
the fiber plate which comprises one half of the connec- 
tor, and by butting the opposite end of the flexible image 
conduit against the fiber plate of the remote connector 

5 half, a flexible parallel fiber optic link can be established. 
Light emitted from the LEDs on one half of the connector 
would be transmitted along the cable by those fibers 
which happened to overlap each LED (with each fiber 
being much smaller than a LED). The light would then 

10 be transferred to the remote receivers, preserving the 
image and alignment of the LEDs and receivers, just as 
if the fiber plates in the original connection scheme had 
simply been thicker. Cables up to several meters or 
more in length are possible. The fiber cable insertion 

is loss would only be on the order of 50%, and would re- 
quire alignment tolerances similar to that required be- 
tween each half of the fiber plate connector. However, 
it is noted that in certain applications, it may be prefer- 
able to employ the array of standard communication op- 

20 tical fibers previously described in connection with the 
lenslet embodiment of the DOC, based on cost and oth- 
er factors. 

The embodiment of the invention depicted in FIG. 
6 features ease of alignment (the fiber optic plate does 

25 not need to be aligned with anything although the op- 
posing detectors and LEDs must still be aligned), low 
optical crosstalk and increased collection efficiency 
(higher optical throughput) compared with lenslet based 
DOCs, and is easily converted to a highly parallel, easily 

30 aligned remote connector. 

Using IFPs as the energy transfer media in a DOC, 
the imaging efficiency or throughput can be expected to 
be such that more than 50% of the light emitted is im- 
aged to the detectors. As for crosstalk, stray light im- 

3S aged through two fiber plates fails off to less than 5% by 
50 urn hence, crosstalk is minimal and a pitch of approx- 
imately 75 um is possible. No alignment of the imaging 
elements is needed since the fibers, as indicated here- 
inbefore, are typically less than 6 um in diameter (and 

40 even as little as 3 urn in diameter) while the diameter of 
an LED is approximately 50 um Additionally, the IFP al- 
ternative is low in cost, highly stable (being fabricated 
using glass), hermetic and reliable. 

While the aforestated features make the IFP ap- 

45 proach to fabricating a DOC very attractive, there are 
still applications where it is important to accomplish ob- 
jectives not readily attainable utilizing either IFPs or 
lenslets to fabricate a DOC. For example, there are ap- 
plications where it is important to virtually eliminate the 

50 potential for crosstalk. It may also be important to reduce 
the cost by replacing the I FP by a less expensive device. 

As indicated hereinbefore, IFPs permit approxi- 
mately 50% transmission of light. A high proportion of 
this loss originates in the interstitial glass between the 

55 fibers, into which light can pass directly from the LED or 
by scattering from imperfections in the fibers. To prevent 
this tight from leaving the exit side of the IFP, it is cus- 
tomary in imaging applications to coat each fiber with a 
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thin absorbing layer (EMA, extra-mural absorber) or to 
fill a portion of the interstitial region with special light ab- 
sorbing glass. This measure is necessary to prevent op- 
tical crosstalk; it would also be needed in many applica- 
tions where certain embodiments of the invention could 5 
be used to suppress optical crosstalk. 

For the previously described embodiment of the 
DOC, it will be necessary to provide mechanical align- 
ment guides (for example, by pins in holes) so that the 
LEDs in one half of a DOC are in line with the detectors 
of the other half of the DOC. It is therefore desirable to 
provide an alignment scheme which keys the position 
of the LEDs and detectors to these mechanical align- 
ment guides. 

A simple scheme for such alignment is set forth 
hereinafter, based on the principles of the alignment of 
fiducial marks (the principles of the alignment of fiducial 
marks for passive laser-fiber alignment are set forth in 
copending application US-A-5,042,709, published Au- 
gust 27,1991). 

The alignment scheme referred to assumes that 
each half of a DOC includes a base, which houses the 
LED and detector chips, and a cover, which houses the 
energy transfer medium. It is further assumed that the 
cover and the base are each furnished with two preci- 
sion bored holes which can be fitted with alignment pins 
for precisbn alignment of the two parts. 

These pins may be used only temporarily during 
alignment, and withdrawn afterwards. When the align- 
ment procedure is finished for each half DOC, the cover 
and base can be bonded together (by screws, cement, 
etc.). It should be noted that the same holes may sub- 
sequently be used to ensure proper alignment of the two 
halves of a (completely fabricated) DOC during plugging 
and unplugging operations. 

During the alignment procedure for each half of a 
DOC, the LED and receiver chips are first placed in the 
base and readied for bonding to it. Then a glass align- 
ment plate having special fiducial marks is used. Such 
fiducial marks could, for example, be made so that when 
the alignment plate is in proper juxtaposition to an LED 
or detector chip, a fiducial mark would circumscribe 
each active element, i.e., each active LED or sensor re- 
gion. A complete alignment jig consists of an alignment 
plate mounted in a housing having two holes corre- 
sponding to the alignment holes in the base and cover. 
Using pins in the corresponding holes of the alignment 
jig and the base, the alignment jig is towered until its 
fiducial marks are essentially in contact with those on 
the chips, and the chips are then maneuvered until their 
active areas line up as viewed with a microcsope. The 
chips can then be bonded, e.g., with epoxy or solder. 
Those skilled in the art will readily appreciate that this 
procedure may be used no matter which energy-transfer 
medium is used. 

In the final operation, the cover is bonded to the 
base of each half DOC, again using alignment pins. 
Each half DOC of each connector is aligned in a similar 



fashion, thereby guaranteeing complete alignment of 
LED-to-detector when an IFP is used. 

These operations may be carried out under robotic 
control, using pattern recognition techniques. In this 
case the fiducial marks may be stored in computer mem- 
ory as 1 soft M fiducial marks, so that the manipulation of 
a physical alignment jig is not necessary. 

The ROC could be used within equipment where 
flexibility is required, e.g., for connecting print heads or 
recording heads to driver devices in printers and disk 
drive assemblies. 

Suppose now it is desired to use a collection of in- 
dividual fibers for the ROC. For this purpose, an embod- 
iment of the invention contemplates the use of a locating 
plate to attach and align optical fibers for applications 
where a number of fibers are used in parallel, e.g., for 
ROCs and sensors. In particular, a method will be de- 
scribed hereinafter for making an array of fibers held rig- 
idly at each end of a long bundle, but flexible in between, 
and for aligning the array to a device orfiberplate at each 
end. 

The method contemplated by this embodiment of 
the invention involves making an ROC out of a flexible 
array of fibers which is held ridgidly at each end of the 
bundle by, for example, an endplate. The process in- 
volves aligning of the array of fibers with the light emit- 
ting and light detecting locations in the connectors mat- 
ing with each end of the ROC. The process comprises 
the steps of (1) punching an endplate for the ROC to 
provide locating holes into which the fibers can be in- 
serted; (2) inserting the fibers into the locating holes; 
and (3) holding the fibers in place to form an endplate 
where the fibers are aligned with the light emitting and 
light detecting locations in the device to which the ROC 
is to be connected. 

After insertion, the fibers could be held in place by 
quick curing or UV curing epoxy glue, and later given a 
more permanent fixation. Assembly could be carried out 
with the endplate held to a polished surface, giving good 
vertical alignment of the fibers, which would be precut 
to have flat, smooth ends for optical interfacing. For sen- 
sor and printhead or recording head interconnections, 
the overall number of fibers would be modest, of order 
16-20, so that assembly by hand using a micromanipu- 
lator shoutd be relatively fast. For device interconnec- 
tion, where 100 or more fibers would be needed, an au- 
tomated assembly process is contemplated. 

After assembly of the endplates, the flexible portion 
of the cable would be suitably packaged (e.g., in a flex- 
ible sleeve of polymeric material) and the ends could be 
mounted as desired. They could be permanently ce- 
mented to a chip with exposed detectors and/or LEDs 
using U V cure epoxy, after location by means of fiducial 
marks on the endplate and chip. In certain applications, 
it would be desirable for the inner face of the endplates 
to be coated with a light absorbing surface layer to min- 
imize scattering of stray light. Attachment to a fiberplate 
could be accomplished via the fiducial mark on the chip 
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below the plate being imaged at the top of the plate. This 
image could be used for alignment to the chip below. 
For removable attachment, the endplate could be sup- 
plied with a precision molded lip, much like the lip on a 
freezer container, during the injection molding process. 
The punched holes would be located with respect to this 
lip, and the fiberplate, ground to match the lip, would be 
located on the chip and attached, so that the endplate 
would have the proper alignment when snapped on. 
This would be particularly useful for assembly and re- 
work of area array connectors. 

FIG. 7 depicts the assembly contemplated by this 
aspect of the invention. In particular, FIG. 7 depicts end- 
plate 801, locating lip 802, and a plurality of openings 
(for example, openings 803 and 804) for holding and 
aligning fibers (like fibers 805 and 806) over the light 
emitting and light detecting locations 810 and 811. The 
images for devices 810 and 811 are shown at 812 and 
813 respectively, and appear at the top of fiberplate 825. 

Alternate embodiments of the invention contem- 
plate the use of other alignment means, for example, a 
sliding mechanism or pins, instead of or in addition to 
locating lip 802, to properly position endplate 801 over 
an energy transfer device. 

Endplates like endplate 801, can be manufactured 
from polyimides, silicone, epoxies, or thin metal sheets; 
in principle, any sheet material with suitable properties 
could be used, so long as the material is chosen to 
match parameters of the substrate (e.g. thermal coeffi- 
cient of expansion). 

The holes can be punched or drilled. Equipment is 
commercially available to do this with the required ac- 
curacy on a manufacturing basis. In fact, one alternative 
is to hold all the fibers in a jig plate with appropriate 
holes, heat up the bottom of the fibers, and punch the 
polymeric sheets using the hot fibers as punches. If the 
outer surface of the fibers can be coated with a heat ac- 
tivated adhesive, this would provide punching, insertion, 
and retention in a single step. After this step, the bottom 
of the fibers would be polished to expose the optical ma- 
terial. For metal layers, punching would be preferable 
because of cost, reliability, and ease of operation. Sev- 
eral plates could be overlaid and gang punched at the 
same time, aiding in registration of a connector assem- 
bly. To aid in fiber insertion, conical punches, drills, or 
chemical etching can be used. In fact, holes can be pat- 
terned using standard photoresist techniques and 
etched for some applications. A further method of man- 
ufacture would be molding, in which the holes would be 
provided by cores in the master mold. For some appli- 
cations, plastic injection molding might have sufficient 
accuracy. 

What has been described are methods, apparatus 
and manufacturing processes meeting all of the objec- 
tives set forth hereinbefore. Those skilled in the art will 
recognize that the foregoing description has been pre- 
sented for the purposes of illustration and description 
only, it is not intended to be exhaustive or to limit the 



invention to the precise form disclosed, and obviously 
many modifications and variations are possible in light 
of the above teaching. For example, light modulating de- 
vices, such as spatial light modulators, may be used as 
5 light emitting devices within all of the interconnect struc- 
tures described hereinbefore. 



1 . An optical connector apparatus for use in an elec- 
tro-optical connector transmitting and receiving 
electrically transmitted data, comprising: 

J5 a first member (605) that includes at least one 

light emitting device (612) ; 



a second member (606) arranged to be reclos- 
ably connected with said first member, that in- 
20 eludes at least one light detecting device (614) 

that is aligned with said at least one light emit- 
ting device (612) to form at least one device pair 
whenever said first and second members are 
connected; and 

25 

a light energy transfer media (601 ,602) inter- 
posed between the devices of a given device 
pair to form an optical communication channel 
therebetween, 

30 

said energy transfer media comprising two 
parts with the first part (601) being carried on 
the first member (605) and with the second part 
(602) being carried on the second member 
35 (606), 

characterized in that 

said first and said second part of that energy trans- 
fer media each comprises a plurality of optical im- 
40 aging fibers forming an imaging fiber optic plate be- 
tween said devices, wherein the diameter of each 
fiber is small compared to the light emitting device 
dimension so that the fiber ends can be positioned 
against said devices without requiring alignment. 

45 

2. An apparatus according to claim 1 characterized by 
further comprising means for channeling light to and 
from remote locations, wherein said means for 
channeling light is juxtaposed between said first 

so and second part of said energy transfer media to 
form a remote optical connector. 

3. Apparatus according to one of the preceding claims 
characterized in that 

55 the first member includes at least one light detecting 
device (61 1 ) and the second member includes at 
least one light emitting device (61 3) to form at least 
one additional device pair for transmission of infor- 



Claims 

w 



8 



15 



EP 0 463 390 B1 



16 



mation in the respective other direction than the first 
device pair. 

4. Apparatus according to one of the preceding claims 
characterized in that 

said first member comprises an array of said at least 
one light emitting devices and said second member 
comprises an array of said at least one light detect- 
ing devices. 



Patentanspruche 

1 . Optische Verbindungsvorrichtung zur Verwendung 
in einer elektrooptischen Verbindungseinheit, die 
elektrisch ubertragene Daten sendet und empfangt, 

mit: 

einem ersten Element (605), das wenigstens 
ein lichtemrttierendes Bauelement (612) be- 
inhaltet; 

einem zweiten Element (606), das so angeord- 
net ist, daB es wiedereinschaltbar mit dem er- 
sten Element verbindbar ist und wenigstens ein 
lichtdetektierendes Bauelement (614) beinhal- 
tet, das zu dem wenigstens einen lichtemittier- 
enden Bauelement (612) ausgerichtet ist, urn 
immer dann wenigstens ein Bauelementpaar 
zu bilden, wenn das erste und das zweite Ele- 
ment verbunden stnd; und 

einem Lichtenergieubertragungsmedium (601 , 
602), das zwischen die Bauelemente eines ge- 
gebenen Bauelementpaars eingefugt ist, urn 
einen optischen Kommunikationskanal dazwi- 
schen zu bitden; 

wobei das Energieubertragungsmedium zwei 
Teile beinhaltet, von denen der erste Teil (601) 
vom ersten Element (605) getragen ist und der 
zweite Teil (602) vom zweiten Element (606) 
getragen ist, 

dadurch gekennzeichnet, daft 
der erste und der zweite Teil des Energieubertra- 
gungsmediums jeweils eine Mehrzahl von opti- 
schen abbildenden Fasern beinhaltet, die eine ab- 
bildende Faseroptikplatte zwischen den Bauele- 
menten bilden, wobei der Durchmesser jeder Faser 
klein im Vergleich zu der Abmessung des lichtemrt- 
tierenden Bauelements ist, so daB die Faserenden 
gegenuber den Bauelementen positioniert werden 
konnen, ohne eine Justierung zu erfordern. 

2. Vorrichtung gemaB Anspruch 1 , dadurch gekenn- 
zeichnet, daB sie des weiteren Mittel beinhaltet, urn 
Licht kanalgefOhrt von und zu entfernt gelegenen 



Orten zu leiten, wobei die Mittel zum kanalgefuhrtn 
Leiten von Licht angrenzend zwischen dem ersten 
und dem zweiten Teil des EnergieGbertragungsme- 
diums angeordnet sind, urn eine optische Fernver- 
5 bindungseinheit zu bilden. 

3. Vorrichtung gemaB einem der vorhergehenden An- 
spruche, 

dadurch gekennzeichnet, daB 
10 das erste Element wenigstens ein lichtdetektieren- 
des Bauelement (611) beinhaltet und das zweite 
Element wenigstens ein lichtemittierendes Bauele- 
ment (613) beinhaltet, urn wenigstens ein zusatzli- 
ches Bauelementpaar zur Ubertragung von Infor- 
ms mation in der jeweiligen anderen Richtung als das 
erste Bauelementpaar zu bilden. 

4. Vorrichtung gemaB einem der vorhergehenden An- 
spruche, 

20 dadurch gekennzeichnet, daB 

das erste Element ein Feld aus den wenigstens ei- 
nen lichtemittierenden Bauelementen beinhaltet 
und das zweite Element ein Feld aus den wenig- 
stens einen lichtdetektierenden Bauelementen be- 

25 inhaltet. 



Revendications 

30 1. Un dispositif connecteur optique pour utilisation 
dans un connecteur Slectro-optique, transmettant 
et recevant des donnees transmises de facon elec- 
trique, comprenant: 

35 un premier element (605) comprenant au 

moins un dispositif photoemetteur (612); 

un deuxieme eMSment (606) agenc6 pour dtre 
connects de facon refermable avec ledit pre- 

40 mier 6l6ment, comprenant au moins un dispo- 

sitif photodetecteur (61 4), aligne vis-a-vis dudit 
au moins un dispositif photoemetteur (61 2) afin 
de former au moins une paire de dispositifs se- 
lon que lesdits premier et deuxieme elements 

45 sont connected; 

un milieu de transfer! d'energie lumineuse 
(601 , 602) interpose entre les dispositifs d'une 
paire de dispositifs donnSe, afin de former entre 
50 eux un canal de communication optique, 

ledit milieu de transfer! d'Snergie comprenant 
deux parties, la premiere parti e (601 ) etant por- 
t6e sur le premier element (605) et la deuxieme 
55 partie (602) etant portee sur le deuxieme 6le- 

ment (606), caracterise en ce que 

ladite premiere et ladite deuxieme partie de ce 
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milieu de transfert d'energie comprennent, cha- 
cune, une plurality de fibres d'imagerie opti- 
ques formant une plaque optique a fibres d'ima- 
gerie entre lesdits dispositifs, dans lequel le 
diametre de chaque fibre est petit compare aux s 
dimensions du dispositif photoemetteur, de ma- 
niere que les extremites de fibre puissent £tre 
posrtionnees contre lesdits dispositifs, sans ne- 
cessiter un alignement. 

10 

2. Un appareil selon la revendication 1 , caracterisS en 
outre par le fait de comprendre des moyens pour 
canaiiser la lumiere vers et depuis des emplace- 
ments distants, dans lequel lesdits moyens desti- 
nes a canaiiser la lumiere sont juxtaposes entre la- is 
dite premiere et deuxieme partie desdits milieux de 
transfert d'eYiergie, afin de former un connecteur 
optique distant. 

3. Appareil selon Tune des revendications preceden- 20 
tes, caracteris6 en ce que 

le premier element comprend au moins un dispositif 
photodetecteur (611), et le deuxieme Element com- 
prend au moins un dispositif photoemetteur (613), 
afin de former au moins une paire de dispositifs ad- 25 
ditionnels pour transmettre de reformation dans 
I'autre direction respective que celle de la premiere 
paire de dispositifs. 

4. Appareil selon I'une des revendications prec§den- 30 
tes, caracteris6 en ce que 

le premier §l6ment comprend une matrtce desdits 
au moins un dispositifs photoemetteurs et ledit 
deuxieme element comprend une matrice desdits 
au moins un dispositifs photodetecteurs. 35 



10 



EP0 463 390B1 



FIG. I. 



2' 3' 

FIG. 4A. 



///////// 



LED, 403 




TOP 
40! ( HALF 



DETECT0R,402 



BOTTOM 
HALF 



FIG. 4B. 

/////// 



40I,A 




TOP 
HALF 



DETECTOR, 402 



„ 40IB L BOTTOM 
HALF 



11 



EP 0 463 390 B1 



FIG. 3. 
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FIG. 7. 
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